Feed intake, digestion and digesta characteristics of cattle fed bermudagrass (BG) or orchardgrass (OG) alone or with supplemental ground corn or barley were determined in two 6 x 6 latin squares with 2 x 3 factorial treatment arrangements. In Exp. 1, beef cows (Hereford, Angus and Hereford-Angus; 452 kg) cannulated in the rumen and duodenum were fed BG (7.9% CP, 79% NDF and 8.7% ADL) or OG (9.8% CP, 79% NDF and 7.2% ADL) hays at 1.2% of BW per day either alone or with added ground barley (.64% BW) or ground corn (.60% BW daily). The increase in microbial OM flow with corn was greater for OG than for BG; corn elevated microbial OM flow more than did barley with OG but less than with BG (forage type x grain source interaction; P < .10). The increase in total tract OM digestion with grain was greater for BG than for OG (supplementation effect and forage type x supplementation interaction; P < 05). In Exp. 2, Holstein steers (228 kg) were fed BG and OG hays ad libitum either alone or with addition of either 1.07% of BW per day of barley or 1.00% BW of corn. Total DM intake was 2.19, 3.03 and 2.82% BW for BG and 2.14, 2.80 and 2.52% BW for OG alone or with barley or corn supplements, respectively, being affected by forage type, grain supplementation, grain type and a forage type x grain supplementation interaction (P < .05). Organic matter digested daily (g/d) was higher for OG than for BG, higher with than without grain and higher for barley than for corn (P < .05).
Introduction
Pasture systems in the southeastern U.S. employ both temperate and tropical perennial grasses. These forages differ in chemical and physical characteristics that affect ruminal microbial populations, conditions and digestion (Akin, 1986a,b) . Livestock producers often supplement grass diets with cereal grains to increase performance. Adding cereal grains to forage diets can drastically change ruminal conditions and often has deleterious effects on forage intake and digestion (Doyle, 1987; Horn and McCollum, 1987) . Chemical and physical properties of grains affect the changes in ruminal conditions that take place when grain is fed (Waldo, 1973) . Therefore, effects of various grain sources on intake and digestive processes in ruminants may be modulated by forage type. These experiments were conducted to study feed intake and characteristics of digestion by cattle fed bermudagrass or orchardgrass alone or with ground barley or coin.
3.1-X 4.6-m pens and were given free access to water and trace mineralized salt 5. Longstemmed hays (Table 1) , predominantly of orchardgrass (OG; Dactylis glomerata, early heading) or common bermudagrass (BG; Cynodon dactylon, vegetative growth stage), were fed daily at 1.2% BW (DM). Cows received no grain or .64% BW daily of ground barley (B) or .60% BW daily of ground corn (C; DM) daily. Hay was fed immediately after ingestion of grain. Amounts of digestible energy provided by supplemental barley and corn were similar (NRC, 1984) . Hay and grain were given in equal amounts at 0800 and 1700.
The first 9 d of each period were used for diet adaptation. Feed composites were constructed from samples taken daily on d 8 to 14. Digesta samples were collected the last 5 d of each period. On d 9, 75 g (air-dry) of Yblabeled (Goetsch and Galyean, 1983 ) BG or OG hay were mixed with 225 g unlabeled hay of the 1700 meal, and the remaining hay allotment was fed thereafter. Duodenal and fecal (taken directly from the rectum) samples were taken on d 10 to 13 at 12-h intervals advancing 3 h each day. Fecal pH was taken with a portable pH meter and electrode immediately after collection, and feces then were frozen. Composites of duodenal samples were formed on a wet basis and frozen.
Prior to the 0800 meal on d 10, Co-EDTA (284 mg cobalt; Uden et al., 1980) was dosed into the rumen. Ruminal fluid samples (400 ml) were drawn at 3, 6, 9, 12, 18 and 24 h after dosing by applying suction to a flexible tube inserted through the cannula into the midventral region of the rumen. The pH was measured immediately after sampling, and fluid was strained through eight layers of cheesecloth. A fluid aliquot (200 ml) was composited within cow in a saline-formalin solution (Merchen and Satter, 1983) , and another 200 ml were frozen after adding 2 ml of a 20% (vol/vol) sulfuric acid solution.
Duodenal composites were thawed at room temperature and divided by pouring through a split funnel. One portion was refrozen, the other was lyophilized. Individual fecal samples were thawed at room temperature. One portion was dried at 55"C in a forced-air oven for 48 h 5Contained 96 to 98% NaCI and more than .5% Fc, .2% Mn, .04% Ca, .002% I and .0007% Co. and allowed to air-equilibrate; the other portion was composited within cow and period on a wet weight basis and lyophilized. Digesta and feed composites were ground through a 1-mm screen and individual fecal samples were ground through a 2-mm screen.
Composite samples were analyzed for DM, ash, Kjeldahl N (AOAC, 1980) , NDF (Goering and Van Soest, 1970) and insoluble ash (2 N HC1; Van Keulen and Young, 1977) . For NDF analysis, grain was ground through a 850-1xm aperture screen and treated with amylase (Robertson and Van Soest, 1977) . Hay samples also were analyzed for ADF, N in ADF (ADF-N) and ADL (Goering and Van Soest, 1970) . Neutral detergent fiber and ADF analyses were conducted on air-dry samples, cellulose was estimated as weight loss upon sulfuric acid treatment and hemicellulose was calculated by subtracting ADF from NDF. Composite grain samples (10 g; air-dry) were dry-sieved through screens with 2.36-, 1.18-, .60-, .30-, .15-and .075-mm openings. Retention on each sieve was expressed as a percentage of initial sample. Dried duodenal composites were analyzed for nucleic acid-N (NA-N; Zinn and Owens, 1986) . Wet duodenal digesta was assayed for ammonia N (N-H3-N) with an ammonia electrode and for DM.
Ruminal bacterial cells (RBC) isolated by differential centrifugation (Merchen and Satter, 1983 ) from ruminal fluid stored in salineformalin were lyophilized, crushed and analyzed for DM, ash, N and NA-N. Frozen ruminal fluid samples were thawed at room temperature and portions were centrifuged at 10,000 x g for 10 min. The supernatant fluid was analyzed for Co by atomic absorption spectroscopy with an air-acetylene flame. Ruminal fluid dilution rate was estimated by regressing the natural logarithm of Co concentration vs time after administration. Ammonia N concentration in ruminal fluid was determined with an ammonia electrode. Specific gravity of duodenal DM in wet digesta was determined with a pycnometer.
Dry matter content of individual fecal samples was determined and samples were solubilized in an EDTA solution (Hart and Polan, 1984) . Solutions were analyzed for Yb by atomic absorption spectroscopy with a nitrous oxide-acetylene flame. Samples yielding EDTA solutions with extremely low Yb concentrations were dry-ashed, the mineral residue was solubilized with acid (Ellis et al., Concentrations of AIA in duodenal and fecal digesta were divided by AIA intake to estimate DM flows. Flows of OM, NDF and N were calculated by multiplying DM flow by concentrations of these constituents. The percentage of microbial N in duodenal digesta was obtained by dividing duodenal digesta NA-N concentration by the proportion of RBC NA-N in total N. Duodenal flows of microbial N and OM were estimated by multiplying percentages by DM flow. Total N flow at the duodenum minus flow of NH3-N plus microbial N yielded apparent feed N entering the small intestine. Ruminal digestion is presented as percentages both of intake and of total tract digestion. Postruminal digestion is expressed as percentages of intake, total tract digestion and substrate at the duodenum. Ruminal digestibilities of OM and N are given unadjusted (apparent) and adjusted (true) for nonfeed constituents. Ruminal microbial growth efficiency was estimated as g microbial N/kg OM truly fermented in the rumen (adjusted for microbial OM passage).
Data were analyzed by ANOVA with animal, period and treatment in the statistical model. Orthogonal contrasts were conducted for effects of forage type, grain supplementation, grain type and interactions between forage type and grain supplementation and between forage and grain types. Simple correlations were determined. For time sequence measures (ruminal and fecal pH and ruminal NI--I3-N concentration), effects of sampling time and the interaction between time and treatment were determined. Values averaged over time are presented because time x treatment interactions were not detected (P > .10). All analyses were conducted by procedures outlined by SAS (1985) .
Experiment 2. Six Holstein steers (avg BW 228 kg) were used in a 6 x 6 latin square study with 14-d periods and a 2 x 3 factorial arrangement of treatments. Steers were dewormed and injected with 500,000 IU of vitamin A and 75,000 IU of vitamin D3 approximately 7 d before the start of the trial. Steers were tethered in a partially enclosed barn with free access to water. Steers were weighed at the beginning of the trial and on d 14 of each period at 1400.
Orchardgrass or BG hays (same as in Exp. 1) were available to steers ad libitum (105 to 110% of the consumption on the previous days) either alone or together with 1.07% BW daily of B or 1.00% BW daily of C (DM), with each grain providing similar amounts of digestible energy. Hay and grain were given in equal amounts of 0800 and 1600; hay was fed immediately after consumption of grain. Hay orts were weighed and removed each morning prior to feeding. After hay was given at 0800, 50 g (air-dry) of a 1:1 mixture of trace mineralized salt (same as in Exp. 1) and dicalcium phosphate were offered. On d 9, 75 g of Yb-labeled hay were mixed with 152 g of hay. of the 1600 meal, and the remaining hay was offered thereafter. Fecal samples, taken d 11 to 14 at 12-h intervals advancing 3 h each day, were frozen. Later, individual fecal samples were thawed at room temperature. One portion was dried at 55~ for 48 h in a forced-air oven and allowed to airequilibrate, and two composites were formed on a wet basis; one was lyophilized and the other was refrozen. Feed and fecal composites were ground through a 1-mm screen and individual fecal samples were ground through a 2-mm screen.
Composite grain samples were dry-sieved. Wet fecal composites were thawed at room temperature and DM content was measured. Samples (15 g wet digesta) were wet-sieved through screens with 2.36-, 1.18-, .60-, .30-, .15-and .075-mm openings. Particles retained on screens were washed onto filter paper and dried. The percentage of DM retained on each screen was calculated and mean particle size was derived by probit analysis (Jaster and Murphy, 1983) .
Hay intake the last 5 d of each period was not affected by day of the period (P > .10), so values were averaged for expression of DMI and estimation of digestion. Composite feed and fecal samples were analyzed for DM, ash, N, NDF and AIA. Hay composites also were analyzed for ADF, ADF-N, ADL, cellulose and hemicellulose. Dry matter and Yb concentrations in individual fecal samples were determined. Total tract digestibilities of OM, NDF and N and particulate passage rate were determined and data were analyzed statistically as described for Exp. 1.
Results and Discussion
Experiment 1: Feedstuff Composition. The CP level was lower for BG than for OG, and B was 3.2 percentage units higher in CP than C (Table 1) . Concentrations of NDF, ADF, ADL, cellulose and hemicellulose were similar for both forages. Bermudagrass and OG contained 14 and 10% ADF-N (% of total N), respectively, indicating slight heat damage (Thomas et al., 1982) . Barley was higher in NDF than was C. A greater percentage of B than of C was retained on 2.36-and 1.18-ram sieves, whereas more C was caught on .60-, .30-and .15-mm sieves (Table 1) . Barley and C contributed 35 and 33% of total DMI, respectively.
Experiment 1: Digesta Characteristics.
Mean ruminal fluid pH was lower with than without grain (P < .05; Table 2 ). The mean NI-I3-N concentration of ruminal fluid was higher (P < .05) for OG than for BG and higher for B than for C (Table 2) . Mean fecal pH (Table 2) was lower with than without grain and lower for C than for B (P < .05). Acids produced as a result of hindgut bacterial fermentation of starch could have depressed fecal pH (Galyean et al., 1979) . More extensive ruminal digestion for B than for C (Sutton, 1985) would result in less hindgut grain fermentation and acid production with supplemental B.
Bacterial cells isolated from ruminal fluid of cows fed BG diets were higher (P < .05) in ash than were those from cows fed OG diets ( Table 2) . Concentrations of N and NA-N as percentages of DM were similar (P > .10) among treatments. Nucleic acid-N in RBC as a percentage of total N was increased by grain supplementation (P < .10).
Fluid passage rate was greater for OG than for BG diets (P < .01), greater with than without grain (P < .06) and greater for C than for B (P < .11; Table 2 ). Prigge et al. (1984) noted a faster liquid dilution rate in steers fed ryegrass than in those fed switchgrass. In the present study, faster fluid passage rate with than without grain may relate to higher amounts of feed (1.8 vs 1.2% BW daily), as observed previously (Firkins et al., 1986) . Reasons for faster fluid passage rate for OG than for BG diets and for C than for B are not readily apparent. Particulate passage rate based on Yb-labeled hay was higher (P < .10) with than without grain. Particulate and fluid passage rates were not correlated (P > .10).
Specific gravity of duodenal digesta DM (Table 2) was similar among treatments (P > .10). Specific gravity was related to ruminal NDF digestion (r = .36; P < .03), probably reflecting high concentrations of dense constituents such as lignin in undigested particles exiting the rumen.
Experiment 1: Digestion. Neither apparent nor true ruminal OM digestibilities were affected by treatment (P > .10; Table 3 ). Postruminal OM digestion was greater (P < .10) with than without grain (Table 3) , probably because of the higher duodenal flow of microbial and undigested grain OM with supplemented grain, although relative contributions of each appeared to vary. Numerically, aF and f = forage type (P < .05 and. 10, respectively); S and s = grain supplementation (P < .05 and. 10, respectively); G = grain type (P < .05).
postruminal OM digestion was greater for C than for B, probably because of more extensive ruminal digestion of B than of C (Waldo, 1973; Sutton, 1985; Rode and Satter, 1988) . Duodenal entry of microbial OM for BG:B and BG:C was 325 and 153 g greater than for BG and 229 and 386 g greater for OG:B and OG:C than for OG, respectively. Thus, more OM disappeared postruminally with C than with B supplementation. Differences between forage types with supplemented grain were not great, whereas more OM disappeared in the postruminal tract without grain for 13(3 than for BG. Total tract OM digestion increased with grain and to a greater degree with BG than with 1313 diets (P < .05; Table 3 ).
Estimates of ruminal NDF digestibility were slightly greater than those of total tract digestion (Table 3) , with postruminal digestibility treaunent means ranging from -1.2 to -6.7%. This may indicate problems with marker procedures; however, ruminal and total tract NDF digestion coefficients were related (r = .47; P < .01).
Total tract NDF digestion (Table 3 ) was higher (P < .05) for OG than for BG diets, and an interaction between forage type and supplemental grain occurred (P < .05). Unless a temperate grass is more mature than a tropical grass, fiber fractions of the latter usually are digested less extensively (Van Soest, 1982; Reid et al., 1988) . Neutral detergent fiber digestibilities encompass digestion of hay and grain NDF fractions. Neutral detergent fiber from grain made up 15.6, 15.5, 8.4 and 8.4% of total NDF intake for BG:B, BG:C, OG:B and OG:C diets, respectively.
Generally, a larger proportion of microbes is physically associated with digesta for degradation of a warm-season grass than is associated with degradation of a cool-season grass, such as OG (Akin, 1989) . Because attachment of microbes to fibrous digesta may be slowed by low pH (Hoover, 1986) , supplemental grain conceivably could impair digestion of BG more than that of OG. Apparently, however, the potential extent of ruminal digestion was more important. The potential ruminal digestibility of OM should have been lower for BG than for 0(3 because of more ADL in BG and differences in physical characteristics (Van Soest, 1982; Jones et al., 1988; Reid et al., 1988) .
Duodenal flows of total N (Table 4) were near or slightly above N intake. Microbial N at the duodenum was higher (P < .05) with than without grain supplementation (Table 4) . Increases in microbial N flow with B were 31 and 21 g for BG and OG, respectively, whereas those with C were 18 and 31 g, respectively. Ruminal fermentation of C is slower than of B (Rode and Satter, 1988) ; tropical grass cell contents may be less available for ruminal microbial attack than are aF and f = forage type (P < .05 and. 10, respectively); S and s = grain supplementation (P < .05 and. 10, respectively); G = grain type (P < .05); F*S = forage type x grain supplementation interaction (P < .05); f*g = forage type x grain type interaction (P <. 10).
those of temperate grasses (Mertens and Loften, 1980; Jones and Wilson, 1987) . Therefore, relative increases in amounts of easily fermentable substrate shortly after feeding would have been greater when grain was added to BG vs OB and greater for added B than for C. The supply of readily fermentable substrate available for microbes beyond file first few hours posffeeding probably was lower for OG than for BG (Jones and Wilson, 1987) . The slower and more continual fermentation of C than of B (Waldo, 1973; Sutton, 1985) thus may be better suited to support high duodenal microbial N flow with a temperate rather than with a tropical grass. However, ad libitum forage consumption, lessening temporal changes in ruminal conditions, could affect differences between grain types in effects on microbial N flow to the postruminal tract with different forages. Further, variations in ruminal concentrations of protozoa with level of feed intake (Hungate, 1966; Kreikemeier et al., 1989) could modulate amounts and times of availability for bacterial utilization of ingested grain starch.
Microbial efficiency was similar among treatments (P > .10; Table 4), although it tended to be greater for diets with supplemental C and lower for BG without grain. Ruminal fluid passage rate was related to microbial efficiency (r = .38; P < .03), whereas particulate passage rate was not (P > .10).
Duodenal NH3-N flow was greater with B than with C supplementation (P < .05; Table 4), and nonmicrobial N (apparent feed N) passage at the duodenum was greater (P < .05) with than without grain. Expressed as a percentage of N intake, true ruminai N disappearance (corrected for microbial and NH3-N ) tended (P < .10) to be greater with than without grain; postruminal N disappearance as a percentage of intake was similar among treatments. Postruminal disappearance of N, when as a percentage of entering N, was increased (P < .05) by grain supplementation similar to that of OM (Table 3) . Total tract N disappearance was greater with than without added grain (P < .05). Slightly lower total tract and postruminal N digestion, as a percentage of available N, for BG than for OB and a numerical trend for an interaction between forage type and grain supplementation suggest that if availability of microbial cells associated with BG digesta was limited by physical aF and f = forage type (P < .05 and. 10, respectively); S and s = grain supplementation (P < .05 and. I0, respectively); G = grain type (P < .05).
bMicrobial efficiency, g microbial N/kg organic matter truly digested in the rmnen.
associations, a negative effect of supplemental grain on rurninai attachment of microbes to digesta (Hoover, 1986) (Table 5) . Hay and total DMI were affected by forage type, grain supplementation, grain type and the forage type x grain supplementation interaction (P < .05; Table 5 ). Dry matter intakes (hay and total) were similar for unsupplemented BG and OG diets. Voluntary intake of tropical and temperate grasses without supplementation generally has varied with hay NDF concentration (Jones et al., 1988; Reid et al., 1988) . However, this may occur only when relationships between host nutrient needs and supplies are similar for different forage types. Total DMI was higher with than without grain 'P = forage type (P < .05); S = grain supplementation (P < ,05); G = grain type (P < .05); F*S = forage type x grain supplementation intemetiol~ (P < ,05). S,G = forage type (P < .05); S = gram supplementation (P < .05); G = grain type (P < .05); t'*s = forage type x gram supplementation interaction (P <. 10); f*g = forage type x grain type interaction (P <. 10).
and with B than with C supplementation (P < .05; Table 5 ). The depression in DM intake of hay as a percentage of grain ingested was 18, 36, 37 and 62% for BG:B, BG:C, OG:B and OG:C, respectively.
Experiment 2: Digestion. Total tract OM digestion was greater for OG than for BG (P < .05; Table 6 ), in agreement with other reports (Van Soest, 1982; Jones et al., 1988; Reid et al., 1988; Forster et al., 1989) . Digestible OM intake (g/d) was greater for OG than for BG, greater with than without grain and greater for barley than for corn (P < .05).
Total tract NDF digestibilities (Table 6 ) did not greatly differ from those in Exp. 1, except for the BG:C diet, which was lower in Exp. 2 than in Exp. 1. Perhaps large gut capacity (in relation to BW) of Holstein steers (Exp. 2) vs beef cows (Exp. 1) was responsible for similar ruminal retention of digesta, as implied by particulate passage rates in Tables 2 and 7. Total tract NDF digestion was higher for OG than for BG, higher without than with grain and higher for B than for C (P < .05). In general accord with Exp. 1 results, in this trial total tract NDF digestion declined with added grain similarly with both forages (Table 6 ). However, in this experiment, C depressed NDF digestion more than B did.
Differences between trials in level of feed intake and time of hay consumption probably modulated changes in NDF digestion with grain additions. Ad libitum hay intake is accompanied by intermittent consumption periods of varying length throughout the day. Hence, a lower proportion of fed hay was ingested immediately after grain in this trial than in the previous study. Corn starch is fermented slowly and more continuously after ingestion than barley starch is, resulting in availability of starch for digestion over a longer time span than with B. If the time interval when grain alters ruminal conditions were similar to the time interval of forage consumption, the depression of fiber digestion would be more than if those two events were separated in time (Adams, 1985) . Potential differences between trials in prevalence of different types of microbes also may have influenced effects of grain on NDF digestion. Protozoal numbers can be higher with low than with high feed intake (Hungate, 1966; Kreikemeier et ai., 1989) . Perhaps uptake of starch by protozoa (Yokoyama and Johnson, 1988) was relatively greater in Exp. 1 than in Exp. 2 to minimize effects of supplemental grain on fiber digestion in Exp. 1. Level of offered grain could have affected fiber digestion as well.
Experiment 2: Digesta Characteristics.
Mean particle size (MPS) of feces was greater for BG than for OG (P < .05; Table 7 ). Fecal aF and f= forage type (P < .05 and. I0, respectively); S and g = grain type (P < .05 and. 10, respectively).
bDM passing through all sieves.
and s = gram supplementation (P < .05 and. 10, respectively); G DM caught on 1.18-(P < .07), .60-, .30-, .15-and .075-mm screens was greater for BG than for OG, whereas DM passing through all sieves was greater for OG than for BG (P < .05). In contrast, Pond et al. (1984) found BG particles to be smaller than ryegrass particles after ingestive mastication. Perhaps greater particle disintegration during rumination compensates for less breakdown during ingestive mastication of temperate than of tropical grasses. Fecal digesta MPS was greater for B than for C (P < .05; Table 7 ). Presence of B hulls and fragments in feces probably was responsible for this effect of grain type on MPS. Fecal DM retained on 2.36-and 1.18-ram screens was greater with than without grain, and retention for .30-, .15-and .075-ram screens was lower with than without grain (P < .05), perhaps because of decreased hay consumption with grain. For 2.36-, .30-, .15-and .075-ram sieves, retention of feces was greater with B than with C, but the converse was true for 1.18 and .60-ram sieve retention and for DM passing through all sieves (P < .05). These differences probably are due to presence of undigested grain particles.
Fecal digesta MPS was correlated positively with intakes of hay (r = .47; P < .01), total DM (r = .31; P < .07), NDF (r = .39; P < .02) and ruminal NDF volume (r = .47, P < .01; data not presented). These correlations suggest that particle breakdown via mastication before ruminal exit is reduced as DMI rises (Van Soest, 1982) , quite likely because of decreasing mastication time per unit of NDF intake or because larger particles pass through the reticulo-omasal orifice. Mean particle size was not related to digestibility of OM, NDF or N (P > .10). Likewise, Pond et al., (1986) summarized that the primary function of remastication was not to increase digestion but to reduce digesta particle size to facilitate ruminal exit.
Particulate passage (Yb-labeled forage) rates in this study (Table 7) were quite similar to those in Exp. 1, even though the level of feed intake was considerably lower in Exp. 1. Particulate passage rate was higher with than without added grain (P < .05) and higher with B than with C supplementation (P < .10). Particulate passage rate tended (P < .17) to be greater for OG than for BG despite higher BG intake with supplemental grain. With high feed intake, ruminal retention of digesta with tropical grass diets was longer than with temperate grasses (Poppi et al., 1980; Prigge et al., 1984; Forster et al., 1989) . The cause of longer ruminal retention of BG than of OG digesta is unknown. Mean particle size of feces was greater for BG than for OG but was not related to particulate passage rate (P > .10). Further, specific gravity of duodenal digesta DM in Exp. 1 was similar for each forage type and was not related to particulate passage rate (P > .10). Perhaps tropical grasses take longer to change in physical characteristics to become more acceptable for and conducive to ruminal exit. Even with the difference in particulate passage rate between forage type, particulate passage rate was correlated with total DMI as a percentage of BW (r = .57; P < .01). Particulate passage rate was not related to digestibilities of OM, NDF or N (P > .10).
Ruminai NDF volume was estimated by dividing fecal NDF flow by particulate passage rate by assuming that particulate passage rate mimicked the rate of ruminai exit of NDF and that postruminal NDF digestion was negligible. Values were 2,239, 1,877, 1,944, 1,504, 1,179 and 1,142 g for BG, BG:B, BG:C, OG, OG:B and OG:C, respectively, being greater for BG than for OG and greater without than with grain (P < .05). Dissimilarity of treatment means for DMI and NDF volume suggests that voluntary consumption was not affected directly by digesta fill. Conversely, intake may have been controlled by relationships between digestible nutrient contents of diets and nutrient needs of steers (Stobbs et ai., 1977; Egan, 1980) .
The supply of usable nitrogenous compounds in relation to energy derived from absorbed digestion products in the present study probably was low without grain supplementation. The level of N in B was higher than in both hays, thus an increase in total DMI with B would be expected because of increased absorption of usable nitrogenous compounds. Energy-yielding substrates derived from absorbed digestion products obviously would increase as well. Corn supplementation should not have affected host N uptake as greatly as supplementation with B because of its lower CP level, and results in Exp. 1 suggest a considerable loss of N with C through fecal excretion of bacterial cells formed as a result of hindgut fermentation of starch (l~rskov, 1982) . In support of this idea, total tract N disappearance in Exp. 2 was lowest for diets containing C and N digested daily (g) was higher with than without grain and higher for B than for C (P < .05; Table 6 ).
Ratios of postruminal N disappearanc, 9 (g) to total tract OM disappearance (g) in Exp. 1 suggest that a lower ratio of usable nitrogenous compounds (i.e., absorbed amino acids) to energy existed with the unsupplemented BG than with the unsupplemented OG diet in Exp. 2. Thus, total DMI should increase more with added grain with BG than with 0(3. Also, interactions between forage and grain types in total and hay DMI would be expected (i.e., greater increase in total DMI when BG was supplemented with B vs C); such interactions were not detected. Reasons for lack of the interactions are not apparent but could involve the greater increase in OM digested (g) with B than with C (a more adverse effect of C than of B on NDF digestion). Also, effects of grains on microbial N flow with BG and OG may have differed from those in Exp. 1 with limited feed intake.
In summary, effects of supplemental grain on digestion varied with experiment. High intake seemed to minimize the degree of expression of differences between temperate and tropical grasses in potential digestion. Forage characteristics as modulated by level of intake may determine which grain properties will facilitate high postruminal entry of microbiai matter. With low forage intake and discrete meals, the more rapid rate at which OG OM becomes available to ruminai microbes compared with BG may minimize the need for a rapidly degradable grain such as B; instead, a more slowly digested grain such as C should be most desirable. But, with ad libitum forage intake and forage consumption throughout the day, C affected fiber digestion much more adversely than did B with both forages. Differences between grains in rate and potential extent of ruminal digestion had little effect on NDF digestion with low forage intake. Voluntary feed intake by growing steers fed forages may have been driven by the ratio of nitrogenous compounds to available energy from absorbed digestion products. For example, DMI was increased more by B than by C, probably because B improved the N or protein (amino acid) status of the animal more. Similarly, total DMI of BG (14.3% CP and 71.4% NDF) and OB (15.8% CP and 64.3% NDI0 when fed alone to Holstein steers was 2.43 and 2.98% BW, respectively (Forster et ai., 1989) . However, in a subsequent study (A. L. Goetsch, unpublished data), dairy steers consumed similar amounts of the same grass when supplemented with .5% BW of ground C. Further research is needed to define which changes in ruminant nutrient status or conditions will affect intake and how they vary when concentrates are added to high-forage diets.
Impllcatlorm
The impacts (i.e., feed intake, digestion, microbial protein synthesis, performance) of addition of grain to forage-based diets varies with type of grain, type of forage and level of consumption. When feed intake was high, depressions (percentage umt) in fiber digestion from added grain were similar for warm-and cool-season grasses. Forage and DM intake did not appear to be limited by physical constraints, but instead appeared to be related to nutrient status of the animal.
